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1ff
, Klein-Gordon
(1.1) $(\square +m_{j}^{2})u_{j}=F_{j}(u, \partial u)$ , $t>0,$ $x\in ln$ , $j=1,$ $\cdot\cdot($ , $N$
. , $\square =\partial_{t}^{2}-\Delta_{x},$ $\partial=$ ( $\partial_{t},$ $\nabla$x), $u=(u_{j})_{1\leq j\leq N}$
, $mj$ , $F_{j}$ $(u, \partial u)$ , $p\geq 2[]_{\mathrm{L}}$
$F_{j}(u, \partial u)=\mathcal{O}(|u|^{p}+|\partial u|^{p})$ near $(u, \partial u)=(0,0)$










). , $p\leq 1+2/n$ .
, 1 3 Klein-Gordon
(1.2) $\{$
$(\square +m^{2})u=F(v, \partial v)$ ,
$(\square +\mu^{2})v=G(u, \partial u)$ ,
$t>0,$ $x\in \mathbb{R}$
($F,$ $G$ 3 ) . (1.2) , :




: $(m-\mu)(3m-\mu)(m-3\mu)\neq 0$ (1.2) .
( [6] $\mathrm{r}$ , [10], [2], [3] )
$(m-\mu)(3m-\mu)(m-3\mu)\neq 0$ ?
, . ,
Klein-Gordon $(\square +m^{2})u=0$ $u$
$u(t, x) \sim{\rm Re}[\frac{e^{im\psi(t,x)}}{m\sqrt{t}}a$(x7t)] $+o(t^{-1/2})$ , $tarrow\infty$
$(\psi(t, x)=(t^{2}-|x|^{2})_{+}^{[perp]/4}.,$ $a$ ) ,
$G=\beta u^{3}$ , (1.2) 2
$G(u) \sim\frac{e^{i3m\psi(t,x)}}{t}\frac{\beta}{8m^{3}t^{1/2}}(a(x/t))^{3}+\frac{e^{im\psi J(t,x)}}{t}\frac{3\beta}{8m^{3}t^{1/2}}|$a(x/t) $|^{2}$a$(x/t$




$(\omega=3m-\mu, m-\mu, \cdots)$ . $(m-\mu)(3m-\mu)(m-3\mu)\neq 0$
, {$v\neq 0$ .






$(\square +m^{2})u=\alpha v^{4}$ ,
$t>0,$ $x\in \mathbb{R}$ ,
$(\square +\mu^{2})v=\beta u^{3}$ ,
$(u,v, \partial_{t}u, \partial_{t}v)|_{t=0}=(\epsilon u_{0}, \epsilon v_{0}, \epsilon u_{1}, \epsilon v_{1})$ , $x\in \mathbb{R}$
. $m,$ $\mu$ , $\alpha,$ $\beta$ , $\epsilon>0$
, $u_{0},$ $v_{0},$ $u_{1},$ $v_{1}\in C_{0}^{\infty}(\mathbb{R})$ . , $\mu=m$ $\mu=3m$
$\mu\neq m$ $\mu\neq 3m$
.
, (-ddt.r+\mu 2)v=CosmI , $m=\mu$ $m=-\mu$
.
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1 $\epsilon>0$ (1.3) $(u, v)$ ,
$tarrow\infty$ $x\in \mathbb{R}$ :
$u(t, x)={\rm Re}[ \frac{e^{im(t^{2}-|x|^{2})_{+}^{1/2}}}{m\sqrt{t}}a(x/t)]+$ O $(t^{-1+}$’ $)$ ,
$v(t, x)={\rm Re}[ \frac{e^{i\mu(t^{2}-|x|^{2})_{+}^{1/2}}}{\mu_{\mathrm{V}^{\Gamma}}t}\{A(x/t)\log t+b(x/t)\}]+O(t-1+\delta)$ .
, $i=\sqrt{-1},$ $\delta$ , $(\cdot)_{+}$ $\max\{\cdot, 0\}$ - , $a$ (y), $b(y)$
$\mathbb{C}$ , $|y|\geq 1$ $a(y)=b(y)=0$ (
). , $A$ (\emptyset :
$\frac{\beta}{i8m^{3}}$ ( $1-|$ t/ $|^{2}$ ) $+1/2a(y)^{3}$ if $\mu=3m$ ,
$\frac{3\beta}{i8m^{3}}$ ( $1-|$y $|^{2}$ ) $+1/2|$a(y) $|^{2}a$(y)if $\mathrm{u}=m$ ,
0if $\mu\neq 3m,$ $\mu\neq m$ .
, 1 3 Kleip-Gordon
(1.4) $(\square +1)w=\gamma w^{3}$ , $t>0,$ $x\in \mathbb{R}$
. Delort [1] , $w$ :
$w(t, x)={\rm Re}\lfloor$x$e^{i}$ {(t$2-|$x$|^{2}$ )p$2+$ ?(x/t) $1\mathrm{o}$gt}a(x/t)$]+0(t-1+\delta)$ , $tarrow$ oo,
$\varphi(y)=-\frac{3\gamma}{8}(1-|y|^{2})_{+}^{1/2}|a(y)|^{2}$ .
, (1.4) phase







, [1], [2] . , $B>0$
, $B$ . ,
$\rho_{0}>\max$ { $1,2$B} <. , :
$\underline{\mathrm{F}\mathrm{a}\mathrm{c}\mathrm{t}}$: {(t, $x)\in \mathbb{R}^{1+1}$ : $(t+2B)^{2}-|x|^{2}=\rho_{0}^{2},$ $t$ \succ 0} .
( , . [1] 14
) , $\{(t, x) : (t+2B)^{2}-|x|^{2}>\rho_{0}^{2}, t >0\}$ ,
$t+2B=0\cosh\theta,$ $x=\rho\sinh\theta$
$(t, x)-+(\rho$ , ( , $\rho=\sqrt{(t+2B)^{2}-|x|^{2}}>\rho_{0}$ ). ,
$\kappa$ ,
$u(t, x)= \frac{\tilde{u}(\rho,\theta)}{\rho^{1/2}\cosh\kappa\theta}$ , $v(t)x)= \frac{\tilde{v}(\rho,\theta)}{\rho^{1/2}\cosh\kappa\theta}\}$
$(\tilde{u}, v\tilde)$ . $(\cosh\kappa\theta)^{-1}\approx((1-|x/t|)_{+}+1/t)^{\kappa/2}$
.3 , $\kappa$ $\{|x|>t\}$








, (1.3) Cauchy :
(2.1) $\{$
$( \square +m^{2})\tilde{u}=\frac{\alpha}{\rho^{3/2}(\cosh\kappa\theta)^{3}}\tilde{v}^{4}\sim$ ,
$( \square +\mu^{2})\tilde{v}=\frac{\sqrt}{\rho(\cosh\kappa\theta)^{2}}\tilde{u}^{3}\sim$ ,
$\rho>f0,$ $\theta\in \mathbb{R}$ ,
$(\tilde{u},\tilde{v}, \partial_{\rho}\tilde{u}, \partial_{\rho}\tilde{v})|_{\rho=\rho 0}=(\epsilon\tilde{u}_{0},\epsilon\tilde{v}_{0}, \epsilon\tilde{u}_{1},\epsilon\tilde{v}_{1})$ , $\theta\in \mathbb{R}$ .
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, (2.1)
, $\rhoarrow\infty$ $(\tilde{u}, v\tilde)$ . ,
$\rhoarrow\infty$ $(\tilde{u}, v\tilde)$ .
. , (2.1) (1.3)
.
2.2 Step 2
. , $H^{s}$ Sobolev
$(s\in \mathrm{N}_{0}:=\mathrm{N}\cup\{0\})$ .
2 $\kappa\geq 0$ , $\sigma\in \mathrm{N}$ $\sigma\geq 1+4\kappa$ . $(\tilde{u}_{0},\tilde{u}_{1}),$ $(\tilde{v}_{0},\tilde{v}_{1})\in$
$H^{2\sigma}(\mathbb{R}_{\theta})\mathrm{x}H^{2\sigma-1}$ (R,) $\epsilon_{0}>0$ , $\epsilon\in$ ] $0,$ $\epsilon$0] (2.1)
$(\tilde{u},\tilde{v})\in\cap^{1}C^{j}(\rho_{0}, \infty;H^{2\sigma-j}(\mathbb{R}_{\theta}))\cross\cap^{1}C^{j}(\rho_{0}, \infty;H^{2\sigma-j}(\mathbb{R}_{\theta})$
$j=0$ $j=0$
. , $0\leq j\leq\sigma-1$ $0\leq\ell_{1}+P_{2}\leq 1$ :
$||$e18$+\ell_{2\tilde{u}}$ (p, $\cdot$ )||H$\sigma\leq C\rho^{f}4+l_{2}$ ,
$||$ ’j14$+$”(”.) $||$H$\sigma\leq C_{\beta}^{\delta+_{4}^{i}+\ell_{2}}$
( $\delta$ , $C$ $\rho$ )
. , $\rho\geq\rho_{0}$
(2.2) $||$ i(p, $\cdot$ ) $||_{H^{\sigma}}\leq C$, $||\tilde{v}$ (p, $\cdot$ ) $||$ H$\sigma\leq \mathit{0}_{\rho}^{\delta}$ .
2 : .
, $\phi(\rho, \theta)$ $M$
$||$ $(P) $||$E$M:=( \int_{\theta\in \mathrm{R}}|\partial_{\rho}\phi(\rho, \theta)|^{2}+\frac{1}{\rho^{2}}|$ c7$\theta$ (p, $\theta$) $|^{2}+M^{2}|\phi(\rho, \theta)|^{2}d\theta)^{1/2}$
, .
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3 $\phi$ $(\rho, \theta)\in[\rho_{0},$ $\infty[\cross \mathbb{R}$ , $\kappa\geq 0,$ $M>0_{f}\nu\geq 0_{f}s$ 1, $s_{2}\in \mathrm{N}_{0}$
. $s_{1}\geq 4\kappa$ , :
$\sup_{\rho\geq\rho 0}(\sum\overline{\sum}f^{-(\nu+j_{1}/4)}||$ (N$1+j\mathrm{a}6(’)||_{E_{M}}$ ) $\mathrm{S}C(||\phi(\rho_{0})||_{H^{\mathit{8}}1}+\mathrm{a}2+1+||\partial_{\rho}\phi(\rho_{0})||_{H^{\mathit{8}}1}+\epsilon 2)$
$j_{1}=0i2=0$
$+C \sum_{j_{1}=0}^{s_{1}}\sum_{j_{2}=0}^{s2}\int_{\rho 0}^{\infty}\rho^{-(\nu+j_{1}/4)}||\partial_{\theta}^{i+j_{2}}1(^{\sim}\square +M^{2})\phi(\rho)||_{L^{2}(\mathrm{R}_{\theta})}d\rho$.
, $C$ $\nu,$ $\rho_{0}$ .
2 $\delta\in$ ] $0,1$/10], $\sigma\geq 1+4\kappa$ ,
$\mathrm{Y}^{\sigma,\delta}:=\{(7=(\phi_{1},6_{2})\in C^{0}(\rho_{0}, \infty;H^{2\sigma}(\mathbb{R};\mathbb{R}^{2}))\cap C^{1}(\rho_{0}, \infty;H^{2\sigma-1}(\mathbb{R};\mathbb{R}^{2}))$ :
$0\leq^{\forall}j\leq 2\sigma-1,$ $\exists C_{j}>0\mathrm{s}.\mathrm{t}$ .
$||$ cN$1 $(\rho)||_{E_{m}}\leq C_{j}\rho^{\frac{1}{4}(j-\sigma)_{+}}\dot,||$(MC2 $(\rho)||_{E_{\mu}}\leq c_{j\rho}^{\delta+\frac{1}{4}(j-\sigma)_{+}}\}$ ,
$||$ (# $||$ Y$\sigma$ ,6 $:= \sup_{\rho\geq\rho 0}\sum_{j_{1}=0}^{\sigma-1}\sum_{j_{2}=0}^{\sigma}(\rho^{-j_{1}/4}||\theta_{\theta}^{|1}+j_{2}\phi_{1}(\rho)||_{E_{m}}+\rho^{-(\delta+j_{1}/4)}||\partial_{\theta}^{1+j_{2}}1\phi_{2}(\rho)||_{E_{\mu}}$
Banach $/\backslash ^{\mathrm{Y}^{\sigma,\delta}}’||$ $||_{Y^{\sigma,\delta}}$ ) , $\mathrm{Y}^{\sigma,\delta}(r)$
$\mathrm{Y}^{\sigma,\delta}(r):=\{\phi\in \mathrm{Y}^{\sigma,\delta} : ||\phi||_{Y^{\sigma,\delta}}\leq r\}$
. , $\phi=(\phi_{1}, \phi_{2})\in \mathrm{Y}^{\sigma,\delta}$ Cauchy
$( \square +m^{2})\psi_{1}=\frac{\alpha}{\rho^{3/2}(\cosh\kappa\theta)^{3}}\phi_{2}^{4}\sim$ ,
$( \square +\mu^{2})\psi_{2}=\frac{\beta}{\rho(\cosh\kappa\theta)^{2}}\phi_{1}^{3}\sim$ ,
$\rho>\rho_{0},$ $\theta\in \mathbb{R}$ ,
$(\psi_{1}, \mathrm{A}_{2}, \partial_{\rho}\psi_{1}, \partial_{\rho}\psi_{2})|_{\rho=\rho}0=(\epsilon\tilde{u}_{0}, \epsilon\tilde{v}_{0}, \epsilon\tilde{u}_{1}, \epsilon\tilde{v}_{1})$ , $\theta\in \mathbb{R}$
$\psi=$ $(\psi_{1}, \psi 2)$ $S$ (\phi ) , $\epsilon_{0}>0$ $r>0$ , $\epsilon\in$ ] $0,$ $\epsilon$0]
$S$ $\mathrm{Y}^{\sigma,\delta}(r)$ - , ,
$C$ .
, $\phi=(\phi_{1}, \phi_{2})\in \mathrm{Y}^{\sigma,\delta}(r)$ , 3
$||$S($) $||$ Y$\sigma,6\leq C\epsilon+C\int_{\rho 0}^{\infty}G(\rho)d\rho$ ,
$G( \rho)=\sum_{j_{1}=0}^{\sigma-1}\sum_{j_{2}=0}^{\sigma}(\rho^{-(\delta+1+j_{1}/4)}||$0j$1+$j2 $\{\phi_{1}(\rho)^{3}\}||_{L^{2}(\mathrm{R}_{\theta})}+\rho^{-(3/2+j_{1}/4)}||$4$1+j$2 $\{\phi_{2}(\rho)^{4}\}||_{L^{2}(\mathrm{R}_{\theta})})$
39
. $[(j_{1}+j_{2})/2]+1\leq[\sigma-1/2]+1=\sigma$ ,






$||$S $( \phi)||_{Y^{\sigma,\delta}}\leq C\epsilon+C\int_{\rho 0}^{\infty}r^{3}\rho^{-(1+\delta)}+r^{4}\rho^{-(3}/2-4\delta)$ dp
$\leq C\epsilon+C(1+r)r^{3}\int_{\rho 0}^{\infty}\rho^{-(1+\delta)}d\rho$
$\leq C\epsilon+C(1+r)r^{3}/\delta$
( , $\delta\leq 1/10$ $1+\delta\leq 3/2-4\delta$ ). , $r>0$
$C(1+r)r^{2}$ $\leq\delta/2$ , $\epsilon_{0}:=r/2C$ , $\forall\epsilon\leq\epsilon_{0}$
$|$ bs $(\phi)||_{Y^{\sigma,\mathrm{g}}}\leq r$.
, $r>0$ , $\phi=$ $(\phi_{1}, \phi 2)$ , $\phi’=(\phi_{1}’, \phi_{2}’)\in \mathrm{Y}^{\sigma,\delta}(r)$
$|$B5(7)-S$($$$’)||Y" \mathrm{s}\leq\frac{1}{2}||$(?-$$’||$Y’.s









$R_{1}= \frac{\alpha}{(\cosh\kappa\theta)^{3}}$ $(”- \delta\tilde{v})^{4}+\frac{1}{\rho^{1/2+4\delta}}L\tilde{u}$, $R_{2}=\rho-\delta L\tilde{v}$
. , (2.2) Sobolev
$\sup_{\rho\geq\rho 0}(||R_{1}(\rho, \cdot)||_{L(\mathrm{R}_{\theta})}\infty+||R_{2}(\rho.’\cdot)||_{L\infty(\mathrm{R}_{\theta}))}<\infty$
. ,
$\tilde{a}_{\pm}=e^{\mp im\rho}(m\mp i\partial_{\rho})\tilde{u}$ , $\overline{b}_{\pm}=e^{\mp\dot{\iota}\mu}$’(uI $i\partial_{\rho}$) $\tilde{v}$
, $\rhoarrow\infty$ .
$\frac{\partial\tilde{a}_{\pm}}{\partial\rho}(\rho,$ $\theta)=\frac{\pm e^{\mp\iota m\rho}}{i\rho^{3/2-4\delta}}R_{1}(\rho,$
$\theta$
,
$\tilde{a}_{\pm}^{\infty}(\ )$ $=e^{\mp jm\rho 0} \{m\tilde{u}_{0}(\theta)\mp i\tilde{u}_{1}(\theta)\}+\int_{\rho 0}^{\infty}\frac{\pm e^{\mp tm\tau}}{i\tau^{3/2-4\delta}}R_{1}(\tau, \theta)d\uparrow$
$\text{ }$
$\tilde{a}_{\pm}(\rho, \theta)=\tilde{a}_{\pm}(\rho_{0}, \theta)+\int_{\rho 0}^{\rho}\partial_{\rho}\tilde{a}_{\pm}(\tau, \theta)d\tau$
$=\tilde{a}_{\pm}^{\infty}(’)$ $- \int_{\rho}^{\infty}\frac{\pm e^{\mp im\tau}}{i\tau^{3/2-4\delta}}$ R1 $(\tau, \theta)d\tau$
$=\tilde{a}_{\pm}^{\infty}$ (e) $+$ o(p-112$+4’$ ) $(\rhoarrow\infty)$
. $b_{\pm}$
$\frac{\partial\tilde{b}_{\pm}}{\partial\rho}=\frac{\pm e^{\mp i\mu\rho}\beta}{i\rho(\cosh\kappa\theta)^{2}}(\frac{e^{+\dot{l}m\rho}\tilde{a}_{+}+e^{-im\rho}\tilde{a}_{-}}{2m})^{3}+\frac{\pm e^{\mp i\mu\rho}}{i\rho^{2-\delta}}R_{2}$
(2.3) $= \frac{\pm\beta}{i8m^{3}(\cosh\kappa\theta)^{2}}\sum_{\ell=0}^{3}(\begin{array}{l}3\backslash \ell\end{array})\frac{e^{i\{(3-2\ell)m\mp\mu\}\rho}}{\rho}(\tilde{a}_{+})^{3-l}(\tilde{a}_{-})^{l}+\frac{\pm e^{\mp i\mu\rho}}{i\rho^{2-\delta}}R_{2}$
, 1 $\mathcal{O}(\rho^{-1})$ , . ,
.
4 $\psi_{j}(\rho, \theta)(j=1,2, \cdots, N)$
$|$e: $(\rho, \theta)|\leq C,$ $|$a$\rho$p: $(\rho, \theta)|\leq C\rho^{-\nu}$
.
$\frac{e^{i\omega^{\rho}}}{\rho}\prod_{j=1}^{N}\mathrm{j}_{\mathrm{i}}(\rho, \theta)=\{$
$\frac{\partial}{\partial^{\rho}}\{\frac{e^{\iota\omega^{\rho}}}{i\omega\rho}\prod_{j=1}^{l}.\psi_{j}(\rho, \theta)\}+\mathcal{O}(\rho^{-\min\{2,1+\nu\}})$ if $\omega\in \mathbb{R}\backslash \{0\}$ ,
$\frac{\partial}{\partial^{\rho}}\{(\log\rho)\prod_{j=1}^{N}\psi_{j}(\rho, \theta)\}+O(\rho^{-\nu}\log p)$ if $\omega=0$







$\frac{\beta\{\tilde{a}_{+}(\rho,\theta)\}^{3}}{i8m^{3}(\cosh\kappa\theta)^{2}}\log\rho+\mathcal{O}(\rho^{-1})$ if $\mu=3m$ ,
$\Phi_{+}(\rho, \theta)=\{$
$\frac{3\beta\{\tilde{a}+(\rho,\theta)\}^{\mathit{4}}\tilde{a}-(\rho,\theta)}{i8m^{3}(\cosh\kappa\theta)^{2}}\mathrm{l}\mathrm{o}^{\mathrm{g}\rho}+\mathcal{O}$(p-1) if $\mu=m$ ,
$\mathcal{O}(\rho^{-1})$ if $\mu\neq 3n$eq 3m,$ $\mu\neq m$ ,
$\Psi_{+}(\rho, \theta)=\{\begin{array}{l}\mathcal{O}(\rho^{-3/2+4\delta}\mathrm{l}\mathrm{o}\mathrm{g}p)\mathcal{O}(\rho^{-2+\delta})\end{array}$
$\mathrm{i}\mathrm{f}\mathrm{i}\mathrm{f}$ $\mu=3m\mathrm{o}\mathrm{r}\mu=m\mu\neq 3m,\mu\neq m,$
’
$\Phi_{-}$ (p, $\theta$) $=\Phi_{+}$ (p, $\theta$), $\mathrm{I}_{-}(\rho, \theta)=$ I $+$ (p, $\theta$).
$\tilde{b}_{\pm}^{\infty}$ (Q) $=e^{\mp\cdot\mu\rho 0}. \{\mu\tilde{v}_{0}(\theta)\mp i\tilde{v}_{1}(\theta)\}-\Phi\pm(\rho_{0}, \theta)+\int_{\rho 0}^{\infty}\Psi\pm(\tau, \theta)d\tau$
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$\pm\frac{\beta}{i8m^{3}}\frac{\{\tilde{a}_{\pm}^{\infty}(\theta)\}^{3}}{(\cosh\kappa\theta)^{2}}\log\rho+\tilde{b}_{\pm}^{\infty}(\theta)+\mathcal{O}(\rho^{-1/2+4\delta}\log\rho)$ if $\mu=3m$ ,
$\pm\frac{3\beta}{i8m^{3}}\frac{|\tilde{a}_{+}^{\infty}(\theta)|^{2}\tilde{a}_{\pm}^{\infty}(\theta)}{(\cosh\kappa\theta)^{2}}10$ g $\rho+\tilde{b}_{\pm}^{\infty}(’)+’$ ( $’-1/2+4\delta 1\mathrm{o}$g’) if $\mu=m$ ,
$\tilde{b}_{\pm}^{\infty}(\theta)+\mathcal{O}(\rho^{-1+}$’ $)$ if $\mu\neq 3m,$ $\mu\neq m$
(as $\rhoarrow\infty$) . ,
$u(t,x)={\rm Re}[ \frac{e^{im^{\rho}}}{m\sqrt{\rho}}\frac{\tilde{a}_{+}(\rho,\theta)}{\cosh\kappa\theta}]:v(t,x)={\rm Re}|\frac{e^{\mu\rho}}{\mu\sqrt{\rho}}.\frac{b_{+}(\rho,\theta)}{\cosh\kappa\theta}|$
$\rho=\sqrt{(t+2B)^{2}-|x|^{2}}$, $\theta=\frac{1}{2}\mathrm{l}\mathrm{o}^{\mathrm{g}}(\frac{2B+t+x}{2B+t-x})$ ,





(if $\kappa\geq\nu\geq 0$) . [9] . $\mathrm{I}$
3
, ( 3) . ,
$[$
5 $\kappa\geq 0,$ $M$ >0, $s\in \mathrm{N}_{0}$ . $\phi(\rho, \theta)$ ,
$(3\cdot 1)$
-dd\rho || \phi (\rho )||E2M $\leq 2\kappa\rho$ II\partial \mbox{\boldmath $\theta$}\epsilon \phi (\rho )H2E $+ \frac{C}{\rho^{2}}\sum_{j=0}^{\mathrm{s}}1$ d\phi (\rho )|12E +C$||\partial_{\theta}^{\epsilon}\phi(\rho)||_{E}$ $||\partial_{\theta}^{s}(^{\sim}\square +M^{2})\phi(\rho)||_{L^{2}(\mathbb{R}_{\theta})}$
$(3\cdot 2)$
$\frac{d}{d\rho}||\partial_{\theta}^{s}\phi(\rho)||_{E_{M}}^{2}\leq\frac{C}{\rho^{2}}.\sum_{--\mathrm{n}}^{s+1}||\partial_{\theta}^{i}\phi(\rho)||_{E_{M}}^{2}+C||\partial_{\theta}^{s}\phi(\rho)||_{E_{M}}||\partial_{\theta}^{s}(^{\sim}\square +M^{2})\phi(\rho)||_{L^{2}(\mathbb{R})}$
. $C$ $\kappa_{l}M$ , $s$ .
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5 :
$\frac{d}{d^{\rho}}||$ $(p) $||_{E_{M}}^{2}=2$ $\int_{\mathrm{R}}(\partial_{\rho}\phi)(\partial_{\rho}^{2}\phi)+\frac{1}{\rho^{2}}(\partial_{\theta}\phi)(\partial_{\rho}\partial_{\theta}\phi)+M^{2}\phi(\partial_{\beta}\phi)-\frac{1}{\rho^{3}}|$a$\theta$ c/y $|^{2}$dfl
$\leq 2\int_{\mathrm{R}}(\partial_{\beta}\phi)(\partial_{\rho}^{2}\phi-\frac{1}{\rho^{2}}\partial_{\theta}^{2}\phi+M^{2}\phi)d\theta$
$=2$ $\int_{\mathrm{R}}\frac{-2\kappa\tanh(\kappa\theta)}{\rho^{2}}(\partial_{\rho}\emptyset)(\partial_{\theta}\emptyset)$
$- \frac{1}{\rho^{2}}\{\frac{1}{4}+\kappa^{2}-2\kappa^{2}\tanh(\kappa\theta)\}\phi(\partial_{\rho}\phi)+(\partial_{\rho}\phi)(^{\sim}\square +M^{2})\phi d\theta$
$\leq\frac{4\kappa}{\rho 2}\int_{\mathrm{R}}|\partial_{\rho}\emptyset||\partial_{\theta}\emptyset|d\theta+\frac{C}{\rho^{2}}||$ ’(p) $||$ K$M+C||$ ’(’) $||$ E$M||$ $(\coprod+\sim M2)\phi||_{L^{2}(\mathrm{R}_{\theta})}$
, 1
$\frac{2\kappa}{\rho}||\phi(\rho)||_{E_{M}}^{2}$ $\frac{2\kappa}{\rho^{2}}(||\phi(\rho)||_{E_{M}}^{2}+\frac{1}{M^{2}}||\partial_{\theta}\phi(\rho)||_{E_{M}}^{2})$
, $(3\cdot 1)_{s=0}$ $(3\cdot 2)_{s=0}$ .
$s\geq 1$ . $(3\cdot 1)_{s=0}$ $\phi$ $\partial_{\theta}^{s}\emptyset$ ,
$\frac{d}{d\rho}||\partial_{\theta}^{s}\phi(\rho)||_{E_{M}}^{2}\leq\frac{C_{*}}{\rho}||\partial_{\theta}^{s}\phi(\rho)||_{E_{M}}^{2}+\frac{C}{\rho^{2}}||\partial_{\theta}^{s}\phi(\rho)||_{E_{M}}^{2}+C||\partial_{\theta}^{s}\phi(\rho)||_{E_{M}}||\partial_{\theta}^{s}(^{\sim}\square +M^{2})\phi(\rho)||_{L^{2}(\mathrm{R}_{\theta})}$




$||$ $[(\square +\sim M2), \partial_{\theta}^{s}]$ ’ $($ ” $\cdot)||_{L^{2}}\leq\frac{1}{\rho^{2}}\sum_{\dot{r}=0}^{s}|$ Ly$j,s||_{L^{\infty}}||\partial_{\theta}^{i_{\phi(\rho}},$ $\cdot$ ) $||$L$2 \leq\frac{C}{\rho^{2}}\sum_{\dot{?}=\mathrm{n}}^{s}||$ c?j$(p) $||$E$M$










, 5 (2\mbox{\boldmath $\nu$}+sl/2) $\leq-2\kappa$
$2 \mathcal{E}_{\mathit{8}1}(\rho)\frac{d\mathcal{E}_{s_{1}}}{d\rho}(\rho)$
$\leq\sum_{j=0}^{s_{1}-1}\rho^{-(2\nu+j/2)}\{\frac{C}{\rho^{2}}\sum_{\ell=0}^{j+1}||$c?j$(p) $||$L$M+C||\partial_{\theta}^{j}\phi(\rho)||_{E_{M}}||$”($\square +\sim$ M2E(p)l $L^{2}\}$














$I_{2} \leq C\{\sum_{j=0}^{S1}\rho^{-(2\nu+j/2)}C||\partial_{\theta}^{j}\phi(\rho)||_{E_{M}\}^{1/2}}^{2}\{\sum_{j=0}^{s_{1}}\rho^{-(2\nu+j/2)}||\dot{\Psi}_{\theta}(^{\sim}\square +M^{2})\phi(\rho)||_{L^{2}}^{2}\}^{1/2}$
$\leq C\mathcal{E}_{s_{1}}(\rho)\sum_{j=0}^{s_{1}}\rho"|+j/4)|\mathrm{c}\mathrm{x}(\square +M^{2})\phi(\rho)||_{L^{2}}\sim$.
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$\frac{d\mathcal{E}_{s_{1}}}{d^{\rho}}(\rho)\leq\frac{C}{\rho^{3/2}}\mathcal{E}_{s_{1}}(\rho)+C\sum_{\dot{?}=\mathrm{n}}^{s_{\mathrm{l}}}\rho^{-(\nu+j/4)}||\theta_{\theta}^{i}(^{\sim}\square \dagger M^{2})\phi(\rho)||_{L^{2}}$ .
, $s_{2}--0$ . $s_{2}\geq 1$ , (3.3)
Gronwall .
4
(I) 3 . $\gamma\in \mathbb{R}$ ,
$F_{j}(u, \partial u)=O(|u|^{4}+|\partial u|^{4})(1\leq j\leq 4)$ ,
$\{$
$(\square +m_{1}^{2})u_{1}=F_{1}(u,\partial u)$ ,
$(\square +m_{2}^{2})u_{2}=F_{2}(u,\partial u)$ ,




, $tarrow\infty$ $x\in \mathbb{R}$ :
$u_{j}(t, x)={\rm Re}[ \frac{e^{im_{j}(t^{2}-|x|^{2})_{+}^{1/2}}}{m_{j^{\sqrt{t}}}}a_{j}(x/t)]+O$ $(t^{-1+}$ ’ $)$ : $\dot{\mathrm{y}}=1,2,3$ ,
$u_{4}(t, x)={\rm Re}[ \frac{e^{\dot{f}m_{4}(t^{2}-|x|^{2})_{+}^{1/2}}}{m_{4}\sqrt{t}}\{A(x/t\rangle$ $\log t+a_{4}(x/t)\}]+O$ $(t^{-1+}$’$)$




$\Lambda:=\{(\lambda_{1},\lambda_{2}, \lambda_{3})\in\{\pm 1\}^{3}|m_{4}.=\lambda_{1}m_{1}+$ A27??2 $lA_{3}m_{3}\}$ .
(II) 3 ,
$\{$






$\mathcal{O}(\rho^{-1}\log\rho)$ ( ) .
(III) 1 , 2
. [8], [9] . , 2003 7 ,
preprint :
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